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Abstract 
The environment protection is one of the main concerns of our society and this paper aims at presenting some of the international 
efforts in the maritime transport. Marine pollution consists of water pollution and also air pollution. Regardless of the delay in 
recognizing the latter type of pollution, it rapidly gains many organizations to argue on it. The first step was including a dedicated 
annex in the International Convention for the Prevention of Pollution from Ships, which seek to minimize the airborne emissions 
from ships.  The efforts continued and the International Maritime Organization has developed a series of measures for monitoring 
the emissions. These are grouped in three main directions: technical, operational and management related. The subject of our 
study is the concept of Energy Efficiency Operational Index, developed to provide ship-owners and ship-operators with 
assistance in the process of establishing a mechanism to achieve the limitation or reduction of emissions from ships in operation. 
It serves as a monitoring tool and it represents the mass of CO2 emitted per unit of transport work. The paper presents the way 
how the commercial software can be used for estimating the EEOI value before the voyage, in comparison with the true value 
calculated on board. The true value is calculated based on unpredictable factors that might appear during the voyage: varying the 
speed, days on anchor, or waiting for orders period. The authors included these in a software solution, which allows to emphasize 
the influence of the on board measures over voyage energy efficiency. 
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1. Introduction 
Carbon dioxide is the most important Greenhouse Gas emitted by ships. A set of technical and operational 
measures has been identified by the International Maritime Organization in the last period, in order to reduce the 
GHG. The studies related to the marine pollution show that it takes several years from the proposal till the moment 
of ratification (Anechitoae, 2012), even if the problem is international recognized and thoroughly investigated 
(Ghita, 2007; Ghita and Ardelean I. 2010). If applied, these measures would improve the energy efficiency of the 
voyage by acting on the emissions rate. Shipping has been shown to be an energy-efficient mean of transportation 
compared to other means (Fig. 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Emissions of CO2 from shipping compared with global total emissions, IMO, MEPC 59/INF.10, (2009) 
According to the Second IMO GHG study (IMO, MEPC 59/INF.10, 2009), international shipping is estimated to 
have emitted 870 million tons, or about 2.7% of the global emissions of CO2 in 2007. Efficiency is expressed as 
mass of CO2 per tonne-kilometer, where the mass of CO2 expresses the total emissions for the activity and “tonne-
kilometer” expresses the total transport work that is done. The EEOI and it is calculated for a voyage by the equation 
(1), in which a smaller EEOI value means a more energy efficient ship: 
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For a number of voyages or voyage legs, the indicator is expressed as presented below, equation (2): 
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Where:  
x j is the fuel type; 
x i is the voyage number; 
x FC ij is the mass of consumed fuel j at voyage i; 
x CFj is the fuel mass to CO2 mass conversion factor for fuel j; 
x mcargo is cargo carried (tonnes) or work done (number of TEU or passengers) 
x D is the distance in nautical miles corresponding to the cargo carried or work done. 
The relationship between the fuel consumption and the mass of CO2, comes from the chemical composition of 
the fuel having different carbon content and also different correction factors according to IMO, MEPC.1/Circ.684 
(2009), presented in Table 1, which differ for various types of vessels’ engines. In addition, there are also 
international requirements regarding the content of the fuel, depending on the area where the vessel sails.  
In order to establish the EEOI, the company should set the procedure to be in force and the type of voyages to 
which the procedure would be applied. Ballast voyages as well as the voyages performed for transport of cargo will 
also be included. Voyages for the purpose of securing the safety of a ship or saving life at sea, as well as voyages 
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which are not used for transport of cargo, such as voyage for docking service will be excluded.  The following steps 
are to be completed for every ship: 
x Define the period for which the EEOI is calculated; 
x Define data sources for data collection; 
x Collect data; 
x Convert data to appropriate format; and 
x Calculate EEOI. 
Table 1. The Carbon content per fuel type, (IMO, MEPC.1/Circ.684, 2009) 
Type of fuel Reference Carbon Content CF (t-CO2/t-Fuel) 
Diesel / Gas Oil ISO8217Grades DMX through DMC 0.875 3.206000 
Light Fuel Oil (LFO) ISO8217Grades RMA through RMD 0.86 3.151040 
Heavy Fuel Oil (HFO) ISO8217Grades RME through RMK 0.85 3.114400 
Liquefied Petroleum Gas (LPG) Propane;  
Butane 
0.819 
0.827 
3.000000 
3.030000 
Liquefied Natural Gas (LNG)  0.75 2.750000 
2. Calculation of the Energy Efficiency Operational Index 
The Energy Efficiency Operational Index is calculated per performed voyage and also as an average EEOI for 
consecutive voyages of the same vessel. This study is based on the characteristics of a handy size Chemical/Product 
Tanker of 38000 DWT, equipped with a MAN B&W 6S50MC-C Main Engine (ME) of 9480KW at 127RPM, three 
Wartsila Auxpac975W6L20 Diesel Generator (DG) Sets of 975KW and 900RPM and Saacke KLN/VIC 16/10 / 
16t/h Auxiliary Boiler (AB).  
The commercial software calculates both the EEOI and the average EEOI based on the following entries: type of 
fuel, distances when loaded/ballast, and number of days. A free software calculator developed by Totem Plus 
Company is used for this case study (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The interface of the EEOI Software calculator, (Produced by TotemPlus, 2013) 
 
The authors developed an .xls programme that calculates the same efficiency indicators, the EEOI and the 
average EEOI, but the source of entry data involves the on board unpredictable parameters such as: days in port, 
varying the speed, days on anchor, days on maneuvering, loading, discharging or waiting for orders period (Acomi 
and Acomi, 2013). The programme also considers the running hours of the fuel consumers: Diesel Generator, 
Auxiliary Boiler and Main Engine. These parameters are extracted from the on board documents as follows: 
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x Distance Sailed – the actual distance sailed in nautical miles for the respective voyage, as recorded in the ship’s 
Bridge Log Book 
x Cargo mass – in this case expressed in tonnes, quantity as per Bill of Lading and Deck Log Book; for other 
types of vessels the work done will be expressed in a different manner: for passenger ships – number of 
passengers, for car ferries – number of cars 
x Fuel consumption represents all the fuel consumed at sea and in port by main and auxiliary engines, boilers and 
others, as recorded in Engine Log Book 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The program interface 
3. The voyage energy efficiency 
3.1. The results 
The total emissions of CO2 per 1000000 tonnes of fuel, as resulted from the above mentioned analyses is 
obtained for the situation when the distance increased for the vessel carrying the same quantity of cargo. The EEOI 
value decreased from 15.07 for an average speed of 15 knots to 13.55, for 10 knots. 
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Fig. 4. The amount of CO2 emissions in tonnes per 1000000 tonnes fuel (a), Fuel consumption  
variation while changing voyage operational parameters (b) 
3.2. The comparison between EEOI values  
Including separate voyage legs in the Free Software Calculator we obtained for a complete voyage: loading cargo, 
sea-passage, discharging, and ballast condition sea-passage, an average EEOI of 12.7.  
The involved voyage legs were: loaded condition sea-passage, with an average speed of 14kts, as per Charter 
Party Contract, distance 6300Nm, and voyage in ballast condition from discharging to loading port with an average 
speed of 14kts, as per Charter Party Contract, distance 950Nm. 
Beside these legs, there were others operations that influenced the on-board calculated EEOI during the voyage, 
such as: waiting for loading orders, maneuvering to the Ship-To-Shore position, loading, remaining at anchor from 
various reasons – in our case it was a port congestion, discharging. These cumulated about 25 days from the total 
voyage period of 46.7 days, and all the consumers were considered in our study on “B” column of our .xls 
programme. The result for the EEOI as per the developed software was 15.07.  
The following table presents the difference between the two modes available for achieving the EEOI value: the 
Calculator and the On-Board solution. 
 
                       Table 2. The variation of the EEOI  
Speed (kts) Fuel consumption (metric tonnes) EEOI (mass of CO2 per tonne km) 
  Loaded voyage  Ballast voyage Calculator On board  
14 684.4 86.7 12.7 15.07 
13 656.3 83 12.2 14.44 
12 651.9 82.9 12.1 14.24 
11 637.2 81.3 11.8 13.38 
10 643.1 69.1 11.7 13.55 
4. Conclusions 
Comparing the values obtained by applying the free commercial software for the same vessel, the same cargo and 
the same route, with the results of our research, obtained by applying the developed .xls programme, it is noticed a 
difference of the EEOI values per voyage, of about 18-20%. This difference between the two values of the EEOI is 
gradually increased with decreasing the speed and also the amount of fuel consumption. The results show that the on 
board unpredictable parameters could influence in a grate percent the value of the EEOI estimated before 
performing the voyage.  
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